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JPL Mars Exploration Rovers (2003)
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Lander after the Egress of
Spirit Rover at Gusev Crater (sol 19)



Mars Exploration Program (2004)
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Draft Mars Exploration Architecture JPL

(Under consideration, not approved)
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Thermal Control Challenges for Future
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Mars Missions

(]

* Thermal control requirements of many of the
future NASA Mars science missions are very
demanding

* Mars Surface Missions

Extreme diurnal thermal environment (-129 C to 40 C for
Mars)

Thermal management of Radioisotope Power Sources
(RPS)

Rover mobility challenges to thermal control
(configuration, dust etc)

Science Instrument thermal requirements
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g Mars Rovers - Past, Present, and Future @’

MSL (2009), ~ 500 kg

Pumped Fluid Loops Rover

Issues:
* Large Thermal Loads (~2 kW+
- Lang Life (~2 Earth Years) ,

MER (2003), 180.kg ‘2ikas
Aerogel, Heat Switch™ -

':1-""?;
- F‘ (-4 Sojourner (1996) 12 kg Pre-decisional DRAFT- for Planning &

Discussion Purposes Only

Aerogel, Passive TC




gpL MSL Thermal Control with MPFL @/
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The Surface System fluid loop (HRS-S) would use CFC-11 as the working
fluid and has an operating temperature range of -100 to +100 C in various

components of the system

Cruise HRS (HRS-C) would us%agceﬁoc-lsl (in the O to 80 'ahye
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Cruise HRS
Radiators

MPFL on MSL

Loop controls
both Avionics
and Payload
zones

Windbreaker
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JPL Mechanically Pumped Cooling Loops @B

MER Integrated Pump Assembly (2003)

Description

Mechanically pumped single-
phase (CFC-11) cooling loop was
first used on Mars Pathfinder
(1996) and

A similar system was
successfully flown on two MER
spacecraft (2003)

A pump assembly of 7 kg uses
CFC-11 to remove ~160 W from
spacecraft electronics to an
external radiator
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JI:"_Compar'ison of MPFL's on MSL and MER @

MER HRS MSL HRS

One Fluid Loop Two Fluid Loops
Cruise Stage HRS Cruise Stage HRS

* Removed ~200 W Removes RTG waste heat ~2000 W
* CFC-11in the -80 to 50 C range | Fluid (CFC-11) in the O to 100 C range;
* Pump flow rate 0.75 Ipm Pump in the of -35 to 50 C range
* Pump & valves operating range Pump flow rate of ~1.5 Ipm

of -351t050C No thermal control valve

One-year life time

Rover HRS Rover HRS

* Pump flow rate of 0.75 Ipm - Recovers RTG waste heat on Mars surface ~350 W
* Passive splitting-type thermal * Fluid (CFC-11) in - 100 to +100 C range; pump &

control valve (wax based valves - 40 to 100 C range

actuator) * Pump flow rate of 0.75 Ipm
* One-year life time * Passive mixing and splitter-type thermal control

valve (liquid-based actuator)
* Three-year life time
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Mechanical Pumps for MPFL

Engineering Fluid AFT Flow Pr. Rise, Pump
Pump Range, C Rate, Ipm psid Power, W
MPF EM
Pump (1995) CFC-11 | -35 10 50 0.75 6 10
MER EM
Pump (2002) CFC-11 | -35 10 50 0.75 6 10
MSL High
Flow Pump, | Water | O to 120 1.125 15 25
(2003)
MSL Rover - 40 to
pump (2005) | SFEIL| 100 0.75 6 10

Page No
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jpMechanical Pumps and Valves for MPFI@

MSL Thermal Control valve (2006)
MSL EM Rover Pump (2005) Papers\ICES-2006\BIRUR-VG\Mech-pumped-~
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JPLPumped Fluid Loop System Life Tesfs@

MER EM pump has been operating in a
test bed for over 31,000 hours in
CFC-11 in ambient conditions (~20 C)

An MSL High flow pump designed for
has been life tested for 2900 hrs at
120 C with water and 3000 hours in
CFC-11at 90 C

An MSL EM rover pump has been
operating in a life test bed for over = =y
9000 hours in simulated MSL rover Papers\ICES-2006\BIRUR-VG\Mech-pumped-
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JoL Mechanical Fittings for MPFL @’
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Mechanical Joints

Up to 25 mechanical joints will be
used on MSL rover MPFL. In order
To keep the leak rate small, Omnisafe
%VCR style) joints are being qualified

or use on MSL. These joints with
‘forque suppression’ system have a
leak rate about 3 to 4 order of
maghitude less than A-N fittings and
can be used for tens of mate and
demates

Interface Weld Fittings

Because of the use of aluminum

tubing and SS joints, several al-ss

inertial weld fittings used in the

MSL MPFL. These Tittings have been
ualified and life tested in CFC-11
luid at 100 C
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PL Chemical Compatibility MPFL Materials @

Several samples of MSL MPFL tube
material are evaluated for chemical
compatibility with CFC-11 at 100 C

Chemical compatibility tests for
underway for evaluation of long-term
degradation of fluids and material
for over two years

=N By
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JdBPL Conclusions @

Mechanically pumped fluid loop has been the basis of thermal
control architecture for the last two Mars lander and rover
missions and is the key part of the MSL thermal architecture

Several MPFL technologies are being developed for the MSL
rover include long-life Igumps, thermal control valves, mechanical
fittings for use with CFC-11 at elevated temperatures of ~100 C

Over three years of life tests and chemical compatibility tests
on these MPFL components show that MPFL technology is
mature for use on MSL

The advances in MPFL technologies for MSL Rover will benefit
any future MPFL applications on NASA's Moon, Mars and
Beyond Program
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